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Abstract 



PURPOSE: To markadly improve a high-speed operating property and long term reliability by making a 
lattice constant of an emitter layer different from a lattice constant of a base layer by an amount within a 
particular range. 

CONSTITUTION: In a hetero-junction bipolar transistor HBT comprising a structure In which a first 
conductivity type collector layer 23, a second conductivity type base layer 24, and a first conductivity type 
emitter layer 25, consisting of a semiconductor layer having a forbidden band width larger than that of the 
second conductivity type base layer 24, are laminated successively, the lattice constant of the emitter layer 
24 is made different from the lattice constant of the base layer 24 by an amount within a range of 0.1-1%. 
Therefore, In composition in Inx Gn1-x P can improve the long term reliability as to energization by 
selecting it so that lattice matching with the base layer is not achieved. Also, because the In composition x 
can be selected so that it has a value deviated from the lattice matching value, the degree of design 
freedom for InGaP/GaAs HBT is increased. 
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<54) [KW{D««:3 '\7^D»&/^-f*-5h5>$;Xi' (HBT) 



(57) im}] 

ism ^7'a&^;UTt<-9h'^>tf:^9 (hb 

I nGaP/GaAs*(3!)HBT^C^3V^TI 
nx Gai_x Px^'V^'S® I n(Z)j|iteXxS:, I nx G 
a i-x P®*fr?^SS«>^ I n G a A s ^-^WfeSV^ttG 
a A s K-7.m(0^i&^^^ *)t>-ri)HZ;l^^fjiWf^ 



31 34 
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»cDffii:, S'<-;^S«)<&?^eR©<iii:*^, 0. i-i 
1I3SE®HBT. 

««St^T^>*z.i:&^ltai:•t&lt#3Sl~3®v^"rtl 

ti:!mtti>m^^msff)HBT. 20 

[000 1] 

ui¥iiiiincti, H B To^^^b • mmmit • imit • 

(000 2] 

[«65lW>K*g] V-f DM I C(D^SSPT'ttS i /U^- 30 

?:*A^Ltin'5: L*^U HBTcD^tSn^iJf^' 
^i>>(.gmtt^fl<J^GaAsMESFETlCJt^ 1 
o~2 0f5fe:*:^vx. bfe*^oT, i®®i!affiiftiB:*7® 

iifsi:, iii-vm^4iMP«»*m"rv>s«*xfes 

Eg = 2. 854-1. 720X + 0 



(1) ffl2=l>^^*>'>^gm*^v^Z.i:. 

(2) :/T'{S«ai* -6® 

(3) ®5!EW*^'^-^®7j<T->i/-v;HCj:S«)T*. FE 

(4) A*/m:W>«l*^mv^fe«), ffi*3>^fi^;jr>:^*^ 

(5) V X*VhS 

[0 0 0 3] i^*T?r©HBT«8i-e% 
oi:=fcfi^^(;L'TV^S®^i, AIx Cai-x Asi:GaA 



itittitc, G a A s (Dm-ommmmm^izm 

UTV^-&3^i:, GaAs i:Alx Gai-x AsTtilfr?- 
[0004] 

imtmwiL^'^t.-r^msi vti^u aixGb 

l-x As^rX^'V^f^tbTrnv^^c^i^. AlxGa 
1-x Asiflc#&1--6DX-fe>^-*^jgHi:«cy, 

AlS:■&*^V^tm7t>^*nTfcy, ifi¥. I 
nx Gai_x P«:x^ >v^i*mi: b■CfflV^fcHBT*^=& 

ir. ^igS»§#iSS*VJ>Sv\ *fc/^>KCDI2fi*^HB 

[0005] L;«)>U Alx Gai-x As/GaAs5?5s 
•eti, Alx Gai-x Asi:GaAs^i♦S^^g^LTV^ 

Kit. A 1 CDMlfcx 5:^^T A 1 x G a i-x A s 

InxGai-xPilGaAs tt«>Sijafifctti<©*T-*& 

I nx Gai-x POJ^m^itl nCDiffl^SrxilLT 



6 04 3x2 



(1) 



(fei:;%.t*C. P. Kuo et al., J. Appl. P 
hys. 57 (1985) 5428 K?:#fl© ilSttS*^ I nx G 
ai-x PX$<V^t®liJ^x = 0. 4 8lCj3V>T(D*G 
a A s '<->?.MlC<ft^4g^-rS. bfcA^oT I nx G a 
1-x P/G a A s H B TCOlBtt® S fiStt«^®«B 

XZ.OM^. siS.vi'l nx Gai-x PM<©^W^t, 

^-y^G&As soyfsm^t.a>Ay i^^^mam o . 2 

eVb^ffi-tS (fei:^tjr. W. Leeet. al., Appl. P 
hys. Lett. 60 (1992) 474K^^) . Z.<DtzS>, WS& 



50 



[0 0 0 6] — i<3!)ila^x^Cfe^^T^i, :i.^v9tl* 
0. 2eV^lV^e)>'^:yK^itiK®^i^W^S<, 

feofe. i(Dfc«?)tt3lW>I nGa P/GaAs^<DHB 



(3) 



4§SBSP 8-24 1 89 6 



Ta)J:-^lc;5:S, o*»J, HBTa)3gWi^iZ!e»f T 1*. 

fT =l/2jrTec <2) 

\t. 

Tec=Te +Tb +Tx +^0 (3) 

bi' ^f^Sm^-e&S. ^ (2) , feJ:tJ^ (3) lO 

^®x:^;i/^-;f^Jgi^S::^S< LfeV^jt)^, I nx G a 
1-x P/GaAs/\-rDg^0^l*fS^^U«:<«: 
oTU*^®"e"eS'&V>fetf)tifejW)I nOaP/OaA 

[0 0 0 7] SfjtCtJejft®! nGaP/GaAs*HB 20 

■5raffi*«feofc. feiliLlitSaWDI nGaP/GaAs 
^HBTlCfcWSnUir^cSSKaSSJc = 5X 1 04 A 
/aii2 , ^iSMZ 0 01ClCj3(t-&¥*ln5J[l$rai55MTT 
FCMean Time to Failure) JdU 

feofe. 30 

[0 0 0 8] &ih<D^'^iz. Ji&7^±<mmi}^$>i>t=. 

tbmmipm. mmmizmu j&te*^o*7i2»v 

hmBE®/J>$VM nGaP/GaAs9RHBT, &^>^^ 
^*«^^iAx;^;l/di^-(Z):A:$V^ I n G a P/G a A s 

[0 0 0 9] *l6^li, ±gB<Dj^=S:«B*«cS*v;t=fe© 

iaft(DSaS<©:*:$VM nx Gai-x P/GaAs 
^?sHBTS:ae<i-tSZ:i;«:a«i:1-S. 40 
[0 0 10] :mm<m<DBm\t, I nx Gai-x P/ 
GaAs^HBT<©ISft<DSftS?::^€<U ;*->'-fe«y 
h«EE®/jNSVvig?gi«^<Z)HBTt>, S^tiAx** 

dEc =ac (AQ/fi) 
ac liei3!»^C[^5^JKT->J/-v;i/ (defonnatio i 
n potential ) Tfe'S. S*tCJ:S<t^©3!ffc^A 

Afi/n = 2 (1-012/011) 
4:SWS. 012, ciitiSIHfe*^ (elastic 

stiffness constant) , ao liSSff>i&^f'1^S!L al;J:x 

\f9^i/^)vm(/3m-^ssni:^^. ^ (4) ^3*0^ 50 



H B T d 

[0 0 11] :mm(mff>Ui^\tl nx Gai-x P/G 
a A s /\T-ngJ^, nxGai-x P/InG 

a A s^<Dft^^-tSJjiMx<?!)|itt)^|5B3tStvT^>S^ 

m3£<3!)«fflWT-e*tC^#S®x;^;i':^f-^5gigl5 
[00 12] 

IC, *58W®m»01feJ:tm5tCg<-rj:^lC, ^1 

3&*e>3&ssii#«a!(cx5 y^tmz 5,45 

4,45 ®*»^-3@»*^ /<-7.M 2 4 ®<fr?ieKlC*r 
U 0. l~l%0«gfflT'M'5;-S3.i:-z?&S. 
[0 0 13] 0. l~l%®<gfflT-m-5#^tt2jiy 
»S. o*y. (1) 01{CS%-rJ:e>lC, x^y^rji25 

ti^, fe<kt)f, (2) 05lC^-rj:e>tC, x^«v^M4 5 
/-C-;^® 2 4 Ot&^5tlSlCJt bT:*:^ V ^ 

i'ii® 2 3 fcJ:t;'<-XM2 4 liG a A s {Cj: U^ifigS 
4a, X^«y^l®2 5, 4 5*n nGa PT'^$4^TV^ 
SdilT'feS. Se){C, iff*L<«'<-7.M2 4{Cl n 
*<^*S*ITV>S^4:, 0*yK-:^S24ttI nGa 

A s nr V ^s i -efes. 

[0 0 14] 

[f^ffll *l8^0^^tCj;*ltf, x^«y^f®<Z)I nGa 
Pm<0Wf^3&i^-:^m(0G a A s »llcV^^i I n G a 
A s m(^^i&J^t)^^'P L-rtvfeffitC*cS J: -5 fC, In 

aAs^CJ:^;fi|fi^S4^T^^•5#&^CoV^T|}i^9•t^. Z 
<Dm^. InGaPx^y ^SfCfc-f Jt)^«^»S:^!^A■t 
SZillCioT, GaAsK-7.Mt.<DAy]^<D^jim 

irayama et al., J. Appl. Phys. 74 (1993) 570 

[0 0 15] 

(4) 

• (ao /a-1) ••• (5) 
(5) ^mzVX. M**^AofeI nGaPtCfcttS-e 

##^Inx Gai-x PiZf^i>±Si/'^'^:f.-9it. ^iJ 
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-KlfJ (Vegard's law) KVt-oX. InPilGaP®/^ 

(0 0 16) Z.Z.X\ GaAstC*rbT I nx Gai-x 

a)J:e)lCInx Gai-x PCDlfr^jeSSOb^G a A sOTlS^^ 

<7)I nJlifiRit*^x = 0. 5 5®*i^, InxGai-xP 

tl^Aa/a=+0. 4 8%T'&.5. Z<Dt.^. I nG 
aP^C^*EE^lilfE:**W^T^^S. ±IB<7)^ (4) fciU^ 
(5) tCj:Stt»*^e), M^^^J&VMnGaPJC^htS 
i:SlCJt/<T, eS»^x*;i/ri|f-*<5 3. 5meV± 
#-r«ii:*^*^S. I nGaPCMSaeRWBa^W*, 
GaAs^C^&^«f^LTV^S^J:y, llmeWm^P 

3 8. 5meV®«;l?"rfeS. 1^ fit 
aRf©x*;i/^-:fiiBl^li, 1 5me V:fc* 

HigltCx = 0. 5 3(7)«^, e»^(©x:^;i/:^ 
-li^U§l$9meV:A:§<;a5S. *fex = 0. 5 31C 
fcl:rSAa/a= + 0. 3 3%T*«>. tOM^ X^ 
i»*>6>'<-:5tlc^Stism^<ox*;i/dif-*^:A:S < 

[0 0 17] 3<Z)J:e)CI nifflmS:<ky:*:S< 

$'5/if©fg«Stt3t)<::*c#<IfiiLi:-tS. InjGa 
l-x PtC33tt-5I n»B^x$::^S<U ffiM^*?:3»A 

0Dx:^;i.:^-;f;ig;gfe5)^:*:S -mmwmm^^l.'t 
S. 

[0 0 18] l^^fCLT, »#^4fB|fi(^J:e)»CI nx 
Gai-x P<mi^1)\ GaAs®*&^^<fc»;=b/jN 
nj|iafi!ttfcx = 0. 4 41?ttAa/ 

a=-0. 3 3%-e, 'GaR^x*;i/^p-:;RiBKttl3 
meV/jN$<«c«>. x = 0. 4 27?ttAa/a = -0. 
4 8%T\ 'B^9^©x^;i/:J(f-;fCJg«2«l 6meV/jN$ 

[0 0 19] mz. M:^i^5iB«(Di:e)tC, ^-:7.Slc 

>lXVL m^\Z.'L,XO. 1®I n«:«*DUfcp-I n 
0,1 GaO.9 AsK-;^M±fC. n-InxGai-xP 
X^ »y^M^:fi^:SLfc#^^CfeV^T^*, InxGai-x 
P©Jia^x = 0. 5 8T?*fr?^-r5. :i®il^03In 
0.1 Gao.9 As<0|fr?1gRa = 0. 5694ntnT, 
^J^Eg = l. 2 7 8 eV-eS>So InxGai-x 
Px$^yif®G>l6^^)e»An no.l Gao.gAsOtS^ 
^<t»J=b/^$^^^i^, njffifiax = 0. 5 1 

I nx Gai-x Pi:l no.l Gao.9 Asii« 
lfr7fl^f5fqsi^Aa/a=-0. 5 2%T?*)*. i 
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InxGai-x P^c^i5lo®yfS;:^*W^Tv^ 
€>. ttriStlll^fC (4) ^ (5) «tCJ:Se3»^x 
i^)\^^-(r>yWif, feJ:tJfInx Gai-x P©3I^J=^ 

T, -^»^x*;i/^-;TCjli^^2 1 me v{&Ti--5z: 

i:*^lt»SnS, *feln^x = 0. 5 3T'l*Aa/ 
a = -0. 3 8%TI nx Gai-x PlCtt§lo!§»JfS;:^ 
im^. 'gaW^x*;i/4if-:^qii|^ttl 5meV{ST-r 

10 x^ «y ^5f • ^-:;^#®lc33l:rs^(P^co^51il^A^S 

[0 0 2 0] Wl^\Z. GaAsSSlcMLT, InGa 
A s ^-xMl*BBNIf5**M8v>Tv^S*^, x$ y 4tSi: 
LT. 9lo3S»JfS::^J*^< I nx Gai-x P» (I n® 
j|afiajtx«:'J>«:«){CbT) S:St®bTV^S(^T^ "^x/n 

20 OI nGaAs^-:^MS:fflV^fe'^7xA®•€•^;^i, 2-^ 
>^^7xA^CfeV^T^f^C^^:fliia•e i o /tIroest;«^t- 
-y<mmzn\^x. #^^c;>cg^t|se^i:«:oTv^fc 

KtW*^l5'5feV%*T?C'5xy\©-t»J*^S*u laSffl/t 

B T^^Bii&cDiifsgsfbfe j:t;H B Tom&im^mn 

30 [0 0 2 1] «i^9^«GaPT'ttl. 1 (W/ 

cm-K), InPT'liO. 7 (W/c m • K) T'$) 
LtcH^^X. ♦&^^LfcInGaPlCJt^T, * 

[0 0 2 2] 0#^5gB38O/<-;^{Cl n$:^II 

Lfc#^lc33V>T, x$ >v ^fO I n<Z)»Mx ^^^^ 

40 •t^^i^c^j: y < L^c#^ico V ^xwim-ts>, 

/<->^<Z)I nx Gai-x AsODI n®J||fftx = 0. 1® 
x5>yifa)I nx Gai-x POjlfifcx = 0. 5 8 
T'^-:^<^I no.l Gao.9 A s ilWf^^&:itii 
mzm^tcii^ I nx Gai_x POSi^x = 0. 6 5T- 
Aa/a=+0. 5 l%i:«:»;, JEElfilfS:**^ nx Ga 

l-x pizm<:itizfji&, mfm^E gaim^p^^mi^ 

3\<t. (4) ^ (5) ^i)^^mm(D3i^JV^-^ 

mmi2 4mewma-rs>. ra^tcino.esGao.arP 

ttl no.l Gao.9 AstC*fLTAa/a = + 0. 3 6 
50 'fiS»^®x*;i/^-:^igiKtt 1 6 m e VitSDf 



7 

S, iCDiei^I nx Gai-x Px^ »y ai*>e> I nx G a 
l_x A s'<-:^{ci£A$ixsm^x*;i/^-*^:A:g< 

fflSRf T im^t&o 

[0 0 2 3] nOaP/GaAsJS^HBTtC 
j3V^T, I nG a Px5 y itm\Zif&^^^mA-ti>:i 

t)\ I nGaP/GaAsJP(HBTlCS3V^T*;S ilCfc 
IC-BrJ: I nGa Px« «y^tSlcM*S:^*A-r€):ii;lC<t 

[0 0 24] ®9{C*|§^lCj:Sy>y^U>^'1S!&ll*^|g 
fev^T, yWttig^lcrt«'rsx*;i/^if-tc«a-tS* 

m3if^izi:i^mi^timttm}mm^i:xmx& 
®9ic^-rj:e){c, ife^^^A^e)te-f)!)Hc-rtv 

fe^{CfeV>-C, x:;^;l/^-®«|/Jv^iiK)^S. *I6W 

[0 0 2 51 Cl®J:e)tC, 
±$-lt.5Zli:A^T*$Si:ra^tCI nx Gai-x P(mfSC 

[0 0 2 6] nx Gai-x P(m^x^^l&^^ 

[0027] 

[|I86«|] *38W(Z)-|l8fifi^tC«KSGaAs'< 
-:;^Ji«:^-rsx$ 'Vi? N'v:^n p nMHBTCDWfiB® 
T'«>5. miif4G a A s S«2 1 izmrk. n+ SG a 

M2 3, p+ liGaAs/<-X®2 4, nMI no.44G 
ao.56P^^'V^'/i2 5, nS!GaAsJB2 6, n^I 
ny G ai-y A s®2 7, n+ SI no,5 G ao.5 A s 
x^-y^fn>^ir hS2 9AW«ligi:«:oTV^€., CH 
::T'fci:;iLli. n+ SlGaAsni/^^fn^^f^' h®2 
2tt5 0 0nm, S iJSS6 X 1 0l8cm-3, n^Ga 
As=ll/^^A6 0 0nnu S i iRi[5 X 1 Ol^c 
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p+ SGaAs^-:^M2 4tt5 0nm, Beig 
S5X10l9cm-3. n^I no.44Gao.56P3:^'y^f 
S2 5l43 0nm, S itSSl X 1 Ol8cm-3. n^G 
aAs2 6tt3 0nm, S ijgffil X 1 0l8cm-3, n 
MI ny Gai-y As®27tt50nm. SiaiS3X 
10l9cm-3, nSl no,5 Gao.5 Asx« 'V^frJ> 
^'i' hS2 9tt5 0nm, S itgS3 X 1 Ol9cm-3T' 
Hl-^ti, X§»;*«ffi3 li:LTTi/Pt/ 
A utrn* Ml no.5 Gao.5 A sx« y^ny-fiirh 
10 ®2 8(JD±IC, /^-y^mfiBilLTPt/Ti/Pt/A 
uS:p+ S!GaAs/<->^M2 4©±^ •3\/i;9W& 
i:L"rAuGe/Ni/'Tl/AuS:n+ SGaAsn 

[0 0 2 8] EUfCa^Ur-HBTSrJSi-rsiCliil', 
^EMOCVD^ MBE^ CBE& (Oiemical Bea 
ni Epitaxy ^ , ALE^ (Atomic Layer Epitaxy 
® , &'^)V^^iMLE^ (Molecular Layer Epitaxy 
SO ^SS:fflV^T, H2tC^-rJ;e>fC, GaAs^2 1 

20 ±fC, GaAsM22, 23. 24, InGaP®2 
5, GaAsji26, InGaAs®27, 2B^m^ 
C B ESs-eiR^Rt- ffi:^ 1 . 3X1 
0-3patC^V\T, 3|iK{aS5 2 0X:T% TEG (hU 
x^;i/3tf U ilAsHa (T;1/2/:^) S:#ALGa 
As® 2 2, 2 3, 2 4S:^:gU , TEG, TMIn 
{V^)i^^)V^yV^hs) ilPHs (7*7.7>f» 
InGaP®25, IfOTEGilA s H3 T'GaAsM 
2 6«:«:5U ««{CTEG, TM I n ilA s H3 T' I 
nGaAsS2 7, 2 8 StR— f^-V>-'X-*"e^^fC 

30 mW(ttHt^\i\ AsH3 <D*^t)yiCTBA (^-i/^ 
U- • ' r)\/i/y ( (C4 Hg ) A s H2 ) ) S: 

fflV%T=bJ:<, PH3 ©*^t>»JtCTBP (ii-S/A'U- 

• •f^n/'VitT.'y^y ( (C4 Hg ) ph2 ) ) feffl 
v^T=bJ:v^. pS!<^K-A>hi:LTlifei:;tti, TM 
G (h';;ji^;i/3!fU':7A) ■^H<*:«)Bey-7.«:fflV^n 
«J:^^. nS!®K-/^>hiiUTtt0ft:7.X (Sn) , 
SiH4 (^y'S/^i'), Si2H6 iV^/'^y) . T 
ESn (hUx^;i/>^>0 , S)SVHiDESe (e>x^ 
JV-kUy) , DETe (i;xf^;uT-;wi/) ^S:ffiVN*i« 
40 J:v^, *fcCBEi£fCMv\sy-;^3tf:^S:SJ5:^AU 

fci:Afd3i<SaS3 5 0lC~4 5 01C, ffi:^6Xl 
0-4pa^CfcV^TTEG^:4^^^A, 3|3>^p^ A 
SH3 &2 03pj!^A, *®«t3#S^^j!/:^a>Al 

i^fWG a A s 1 4H^jS*^^;R"e*6®'C, M L E 

[0029] mz±mi>z/^ V i/^- S/ a ^Ki: S/ U 
3>BMblKS:*lffltts. *-f, mi\zrfxiyhy>(y^y 
50 aAtCj:yiR^^SI4Mj|ll!B«c3 5S:?^^tS. Se>fc, :i 
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S:fflV%Tt/U3>SKbK$:X»y^>i>^^, InGaAs 
S28. 27, GaAsii26, I nGa PJg2 

S&R I EiS&SvnS:ECR>r;t>X'y^aiCj:y p+ 
GaAs/<-:^®2 4<D±SUlCn I no.44G a0.56P^ 

«l?^->t«®i:x5.y^rfUgc®4«tj!)^*S. ^-T K 
x.y5^>yj|©fiBiMttxl^l8i®«Mt^KRfe*<r^»37'C 

giS^T;i««fcv^o z:r:T'tt±!5cx^y^>y#©i:LTK 

^-YX'y^^y&ffiVNfe*^ C^xy hX'yf->y(D»-e 
%»«IiB-^&«. i^V^T'^-y^SffiPt/Ti/Pt/A 
u Sr-t^xA^ailClSBiPU -tCD^^* h l/S?:^ h Srfift* 

5 ox^mtammiimu '<-:xm®»3 2®fi:TJi 

©P t $:n I no.44Gao.56P^' 'y*®2 SiligUSat 
t5:$-&P+ S!GaAs®2 4*T*^S6El-t3-&S3i:{C 
p+ l!GaAs/<-;^S2 4^:(Da^C^<^S:^# 

5. ??ctC. /<->^«ffii:x$«y*«ffi<Z)»aj|»S:?^fi!tf 

m(mmtmm o 5 010 ^x^mmnztmLx^m 

»C;K';-f^K«fli3 4«:?^-rs. ii*CtCCF4 /O2 S: 
fflV^feR I EiS^lCj: U U U?|lF«3(7)/<-;^mffi3 2± 
0«^{c;i<'; ^ KS9fll 3 4 Srj^f i Ic^BOsKU >f ^ 
KlSfl|3 4&x«y3^>i^^S, ^aMn+ S!GaAs3 
l/i'if3>iJfi^ hS2 2S:'^x«y hx«y^>irjcj;oT 
SffiS-eAuGe/Ni/Ti/AuS:j5Rif«^, yt^- 

«ti/'J3>ijKtJII[5:BS^Ife. T i/Pt/AuSr^e®?^ 
x^'v^fS^S :i«)X!gT-Jix$ 

J^Stu x5'y*i^®/h®»fl:*^tBT?, ISMafflS 

mcJiL^c«jti:^€., Jfcfe, p+ MGaAs'<-7>® 
2 4C);{>^t)U^Cp+ S!I nx Gai-x As/<-:X®5:ffl 
V>T=t;J:VN. Za>m^P* mino,i Gao.9 AsA^ 

I nGaAs/<-^i:-r«>:ii:"e, iimicj: 
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max S. 
[0 0 3 0] I nx Gai-x PttI nj|ifiax = 0. 4 8 

J60ijT-l3«afiax = 0.44 Xtb^tzttm-^m^A a / 
a=-0. 3 3%T*feSo L/fc*^oTI no.44Gao.56 

px5«/^fJi2 5tctt9io«yfSA*m>T«r^«, snia 

=WiE g^4^&^^l/TV^S I no.48G ao.52Pa)S^ 

10 icjtUTiiAn-t^*^ ^ (4) , ^ (5) ij-^^tm^n 

SJ:e>tC'eaW^®x:^;i/dif-AW>-rs. ZKDM 
#®MU§IS<fc»A I no.44Gao.56P^5'V^'ii2 5 
i:G a A s '<->tS 2 4 i:(Dr^CO^*^(Z)x:^<.;i/di?-::f 
jgi^ttl 3me VMjJ^'tSo Z:®fe»HBTa)SSfE-S 

[003 1] EI3fCZ:cDj:e>{CL/Tf^Ufc*58^©lg 

1 (ommizm^ h b T<©^6<>;fcmsfE-sffi4m?:s^ 
■r. imtLxmmiz^^GaAsiz^iz^^m^ 

20 Lfel nGaPX^»v^ffli?:JtoHBTa)!|*f4%fete-& 
T5<LT*S, 3ls:5gW(7>^l(^^MT'li, mmilZit 

mmm0mx^mhx\>^i>. ®4ici4, fissfssrs^-t 
Rmxibi>^mm$mmTT f 5:*ft?Mwc^* lt, 

^D^vhLTfe-5o HUi'^fmSiSeBSJc =5X1 04 

A/cni2 , g5^iaK2 0 oricfcvNT, mmmi 0 

*rLT, x^ -v 4fS<Z)*&^-^*VjN$ < ^5 i:«*'!r IZM 
30 TTFlir6l±-rSo *&T^*Aa/a*n%?:®;t-5 
i:, m-^Pmtfj^zki^ir^. 1ISmM<DmSX'3iS.yit 
»fC|Efi«)^l5TL*V\ j5PoTMTTFttigT-rS. 
*&^MAa/a = 0. 5%iafi|T?l4MTTFttl 07 h 
eST'feU, tJe^l^t&^^LfeHBTlCfel'tSMTT 
FOl Of&Ri:®ffiX)^e>tl<fe. 
[0 0 3 2] Bi5l^ 3f(9gqS0||2(D|^J(C^& I n 
G a A s K-y(,m^^-tS>:^^ ^y^hy:fnp n§BH B 

t&^^j: y < Lr=.m^x&^. ^mm^G a a s 

40 miR2Hzmk> n+ S!GaAs=2l/i^^i3>ifi' hjg 
22, nMGaAs3l/i'*M2 3, p+S!lnGaA 
s^-:xM24, n^I no.65Gao,35P^-^i'^M2 
5, nMGaAs®2 6, nKl ny G ai-y A sM 2 
7, n+ MI no.5 Gao.5 AsX^»/4f3>^r^ hM 

2 9*WfiKt^:«;oTV^«>. n+ S! 

Ga As hM2 2145 0 Onm, Si 

iSS6X 1 0l8cm-3, nMG a A s 3 Ui' 6 0 0 
nm, S ilEKSXl 0l6cm-3, p+Silno.iGa 
0.9 As'<->tB2 4tt5 0nm, BeJRKSXlOlS 
50 om-3, nMl no.65Gao.35AsX« «;if®2 5fi3 
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Onm, SiSSlXl 0l8cm-3, n^GaAs2 6 
tt3 0nm. S itSS3X 1 Ol9cm-3, n^I ny G 
ai-y AsS2 7li5 0nm, S iiSffiS X 1 Ol9cm 
-3, n+ S!I no.5 Gao.5 AsX$'V*3>*e^ hjg 
2 9»5 0nm, S iJ8S3 X 1 Ol9c m-3T?*«>. 
[0 0 3 3] H5tt01 i:ra«tcx$«y4fmffi3 1 i:b 
TTi/Pt/AuS:n+ MI no.5 Gao.5 AsX^ 

Ti/Pt/AuS:p+ Sino.i Gao.9 AsK-::^ 
®24(D±^ nl/ir^m^fctTAuGe/Ni/T 
i/Au$:n+ mc a A sal/ir ^tay^^ir hM2 2® 

:$:9&^C[}|i$2a}^M(Z>HBT$:9£S-t«(C(^ il^SM 
OCVD& MBE& CBE& ALE& feSV%li 
MLE^S^&MV^T. E2lCS%-rj:e»tC GaAsStg 
2 1±(C, GaAsM22. 23, InGaAsM2 
4, I nGaPM25, GaAsM2 6, InGaAs 

[0034] I nx Gai-x Plil no.l Gao.9 As 
}lim.x = 0. 5 &Xt&=H&^-ri><^X. x-0. 6 5 
5fqg^ A a / a = 0 . 5 1 %T'feS, Z^® i: $ 
I no,65Gao.35P3:^>V^®2 5 tCtdffifilfS;:^*^ 

I no.58Gao.42P^^'V^f®®^tCJtU Sl«9 
»(@E s<om:j^i:^MVX 2 4 me V/£frje»#<DX 
:^;i/=^-5Fitil^^:^^<'a;'S. Ufe*^oTI no.65Ga 
0,35P^-^V^®2 S:^^?)! no.l Gao.9 As/<-:^ 
M 2 4 /\<Z)S^aAx:ii«.;i/:^?-*^:*:^ < y , 

[0 0 3 5] 06fCZ:® J:e>lCLTmSiLfc*«W<D|| 
20D||figlCj:SHBTO^W?fciS?aSSimS:^-r. Jt 
L.TSBfc0!ltC J:SG a A s C^tC*SW^Ufe I 
n G a PX5 itM«:l#oH B T(!D4^t(*t>1*Ta^L 

im<^mx^nx\>^i>. mi Kit, mmt^ni:^!^ 

T'fe-S>MTTF?:*&i=^«tAa/atC*fLT, >^D^vh 

<fr?-®6!«j^:^S<'5:Si:«»'*lcMTTFl4i^Lh-rs. «^ 
^Sg»Aa/a*«l%S:je;t*i:, «&?-^Fll^:^Sf-r 

= 5X1 04 A/cm2 , g^^iaS2 0 OICT?, MTT 

Ftti o7 h©fiiK)^ift?^o. 5%meixm^nt:i, 

[0 0 3 6] 2|c«^ttl nGaPx$«yifS/G 
a A s'<-X®S)-5V^ttI nGa Px5«/^f®/I nG 
aAs'<->^MfC<D*3@WS*XS(D'e»4«:<, x$»;i» 
«i:LTInGaP> XttlnGaAsP, ^'-:^JSt. 
LTGaAs%SV^ij:I nG a A s $:^V>d#ffi|g»-^ 
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*5-itJCffiV\T=bJ:<> 3e>»CX^«v^J®i:bTI nP, 
UT I n G a A s ^:fl|V^«)#^^C=bJgffi•eS 

[003 7] 

[58W(D«J«] *|6^0m*«lfB«®9fi^aiCJ:n(i, 
I nGaPx5«/^i®/GaAs^-::^®$)-5VNttI n 
GaPx^y^iM/I nGaAs/<-y^M^CD^T-ag^ 
•&^:^■r«HBT^CfcV^T, I nx Gai-x P®I n<D 

[0 0 3 8] tfc, 3(i:|8^®lt#«lIB|g(0|§WfCJ:tl 
«(JaW)Inx Gai_x P/G a A s»©HBTlC;feV^ 

tl^X^^OX Inx Gai-xP/Ga A s^HBT<Z)|9: 

nGaPx* >y^f®/GaAs/<->^.®&5>V^^j:I nG 
20 aPx5»);^r®/I nGaAs'<->?.M'&Wt'5HBT 
ICfeV^T, I nx Gai-x P® I n®SiB(SxS:, I nx 
Gai-x PCD*&^^3!)^'<-X®CD|&^^J:Ux^«v 
if M<D*fr^-^AVjN$ < J: e) «:m^cD«BHl*I(D x (D 
mizmS^Zti}'^X^i>(DX\ nM-m&S^\Zi3»^:t 

[0040] :^^m(Dm^ 3 IBiEO^^lC J:tlli, I 
nGaPx$»);dr®/GaAs/<->^M (*>SV^^iI n 
30 GaAs^->^S) S:;f-r'&HBTlCfeV%T. I nx G 
ai_x PiZ-i5ii^lnfm.x^. I nx Gai-x 

i=^aAx^;i/;^-$::*c$<-tSz:ii*^T'^So ^oiS 

40 -tm. 

[02] *58^(J9||l®^0>J^C«V^«>X^^^dpS/^;l/ 

[0 3 1 :$i^m(Dm 1 ©iSfSMoH B T<Dm&-m&^ 
[04 ] :^9m<m 1 ®^as0!ijcfeit'5<i&?s»i;^ 
[05] jmm<m2<Dmm(DHBT<Dmki:^-tvsi 

[06] 3»:^(DS|20D||SiM®HBT®ie^Mt2i[4^^ 

50 mmtii:mm-ti>m. 
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